Objective: To determine the prevalence of anemia and iron status as assessed by biochemical markers and to explore the associations between markers of iron status and iron intake. Study area and population: Five hundred healthy women of reproductive age from the Bhaktapur district of Nepal were included in the study. Methods: A cluster sampling procedure was applied for this cross-sectional study. Women without any ongoing infection aged 13-35 years were selected randomly from the population. We measured the plasma concentration of hemoglobin (Hb), ferritin and transferrin receptors. Dietary information was obtained by a food frequency questionnaire and two 24-h dietary recalls. Results: The prevalence of anemia (Hb concentration o12 g/dl) was 12% (n ¼ 58). The prevalence of depleted iron stores (plasma ferritin o15 mg/l) was 20% (n ¼ 98) whereas the prevalence of iron deficiency anemia (anemia, depleted iron stores with elevated transferrin receptor i.e. 41.54 mg/l) was 6% (n ¼ 30). Seven percent (n ¼ 35) of women were having irondeficient erythropoiesis (depleted iron stores and elevated transferrin receptor but normal Hb). Out of the 58 anemic women, 41 (71%) and 31 (53%) were also having elevated plasma transferrin receptor and depleted iron stores, respectively. Fifty-four percent of the women ate less than the recommended average intake of iron. The main foods contributing to dietary iron were rice, wheat flour and green and dry vegetables. Conclusions: The prevalence of anemia in our study was substantially lower than the national figure for non-pregnant women. Only about half of the women with anemia were also having depleted iron stores, suggesting that other causes of anemia may be prevalent in this population.
Introduction
Iron deficiency (ID) is one of the leading nutritional deficiencies in the world, particularly in developing countries (DeMaeyer and Adiels-Tegman, 1985; WHO, 1998) . When ID is sufficiently severe, the hemoglobin (Hb) concentration in the blood decreases, leading to iron deficiency anemia (IDA), which has negative health consequences, especially in children (Lozoff et al., 1991) , adolescents (Bruner et al., 1996) and pregnant women (Scholl et al., 1992; Allen, 2000; Hinton et al., 2000) . A substantial proportion of women in developing countries, such as Nepal, enter pregnancy with inadequate iron stores. Women with inadequate stores are at increased risk of developing IDA during pregnancy. Early detection and treatment of sub-clinical ID among non-pregnant women may play a pivotal role in preventing development of IDA during pregnancy.
Studies from South-Asian countries (Agarwal et al., 1987; WHO, 1998; Kapil et al., 1999; Bondevik et al., 2000; Dreyfuss et al., 2000) indicate that two-thirds of pregnant women suffer from IDA, which is the highest prevalence in the world. Most studies of IDA have been undertaken in pregnant women or hospitalized patients, where the markers were influenced by physiological hemodilution or metabolic and pathophysiological changes. Pre-pregnancy evaluation provides information that may prove critical for the development of effective intervention strategies against anemia and IDA in developing countries.
The aim of this cross-sectional study, in a random sample of non-pregnant women from an agriculture-based urban community in Nepal, was to determine the prevalence of anemia and ID. Furthermore, we also estimated the intake of iron and identified the main dietary sources of iron.
Subjects and methods

Study area
The Kathmandu valley includes the districts of Kathmandu, Lalitpur and Bhaktapur. Bhaktapur, the study site, has a population of approximately 80 000, and the majority of the people work in agriculture. The study site includes an urban area where most of the population has a relatively low income. The indigenous people of Bhaktapur municipality are the Hindu/Buddhist Newar. Around the city of Bhaktapur, there are approximately 50 carpet factories (CF) in which migrant families live and work for various lengths of time. The workers belong mostly to the Tamang and Magar ethnic groups and come from various regions of Nepal.
The study included women aged 13-35 years that were non-pregnant, without any ongoing disease, who lived in Bhaktapur municipality, and who gave informed consent. We excluded women with acute or chronic illness and those taking vitamins, minerals or drugs (with the exception of contraceptive pills or injections).
The Nepal Health Research Council in Katmandu and the Human Research Ethical Committee of the Medical Faculty at the University of Bergen, Norway approved the study. The implementation of all aspects of the project was in agreement with the International Ethical Guidelines for research involving human subjects, as stated in the latest version of the Helsinki Declaration.
Subjects and selection procedures
There are 128 neighborhoods called 'Toles' in the municipality. We used the Toles or the CF as the clusters or primary sampling units. A total of 23 Toles and five CF were randomly selected from the municipality. We obtained a list of all 2 736 women between 13 and 35 years living in these selected clusters (Figure 1 ). Seven hundred and ninety-two women were then selected randomly from these clusters. Two hundred and ninety-two women whom we approached could not be enrolled, mainly because they had moved (167 women), 141 of whom were from the CF.
The women were weighed using an UNICEF electronic scale (SECA, Hamburg, Germany) with an accuracy of 100 g. A locally made height board measured height to the nearest 0.1 cm.
Blood sampling and storage Blood was collected from the cubital veins at least 2 h after any food intake and placed into micronutrient-free heparinized polypropylene tubes (Sarstedt, Germany). The Hb concentration was analyzed immediately following blood sampling with Hemocue (Å ngelholm, Sweden). The heparinized blood was centrifuged (760 g, 10 min, room temperature), separated and transferred into micronutrient-free polypropylene vials (Eppendorf, Hinz, Germany). These vials were stored at À451C in Nepal until transfer to Norway.
Biochemical analyses of markers of iron status and of C-reactive protein The blood samples were analyzed at the Laboratory of Clinical Biochemistry, Haukeland University Hospital in Bergen, Norway. The concentration of soluble plasma transferrin receptors (P-TfR) was quantified by particleenhanced nephelometry using polystyrene particles coated with a monoclonal antibody in a Behring Nephelometer Analyzer II (Dade Behring Marburg GmbH, Germany). The plasma ferritin (P-Ferritin) was analyzed by a turbidimetric immunoassay and C-reactive protein (CRP) was analyzed by immunoassay in a Roche/Hitachi Modular Analyzer, Roche Diagnostics (Roche, Mannheim, Germany).
Definitions
The stages of negative iron balance with the respective cutoff limits for the analytical tests used in this study, are shown in Table 1 . Depleted iron stores, which is an early sign of developing ID, was defined as P-Ferritin o15 mg/l, which corresponds to absence of stainable iron in bone marrow smears (Hallberg et al., 1993) . Iron-deficient erythropoiesis (IDE) was defined as normal Hb concentration with depleted iron stores combined with a elevated P-TfR 41.54 mg/l which is the 97.5 percentile derived from a healthy Norwegian female population.
According to the World Health Organization (WHO), Hb concentration o12 g/dl in non-pregnant women is defined as anemia (CDC/MMWR 1998). IDA was defined as depleted iron stores and elevated P-TfR concurrent with anemia.
Anemia of chronic disease, caused by functional deprivation of iron in the bone marrow, was considered to be present when iron was withheld in the stores with normal P-TfR but P-Ferritin 450 mg/l (Wordwood, 1980) . As the study area is located about 1400 m above sea level, a more relevant cutoff value would be Hb o12.3 g/dl (CDC/MMWR, 1998). We therefore also report data based on a cutoff of Hb adjusted for the altitude.
Twenty -four hour dietary recall and food frequency questionnaires The dietary recall methods were included only after enrolment of the first 106 women in the study. Therefore, the information on dietary intake was obtained from the last 394 women. Two 24-h dietary recalls were obtained from each woman, approximately 1 week apart. The female field workers were trained to undertake the dietary recall interviews before the study. The first recall was carried out at the clinic, whereas for the second recall, the field workers visited the women in their homes. Models of local foods were used during the interviews to estimate the portion sizes. Three hundred and seventy-nine women (96%) of the 394 women completed two 24-h dietary recalls. The analysis of nutrient intake was restricted to these 379 women, using the mean intake of the two recalls. For the food frequency questionnaire (FFQ), a total of 53 locally consumed food items were listed, and the women were requested to recall how often they consumed each of them. The frequency of consumption was categorized into never in the past 6 months, 1-5 Figure 1 Selection procedure and study profile of ID prevalence study in Bhaktapur, Nepal. times in the past 6 months, 1-3 times a month, once a week, 2-4 times a week and once or more times per day. The study physician filled in the questionnaires. The daily intakes of the various nutrients from the 24-h dietary recalls were calculated using Indian food tables from the Wfood2 program version 1.0 (WorldFood, 1996) . The total iron contribution by the different foods was derived from the nutritive values of the 24-h dietary recalls, whereas the frequency of reported consumption was derived from the FFQ. The estimated average requirement of iron for nonpregnant women of reproductive age is 8.1 mg/day (NAP, 2003) .
Statistical analysis
The Hb concentrations as well as the intake of iron and energy were normally distributed. The P-Ferritin and P-TfR, however, were skewed to the higher values. The descriptive statistics included means, medians, inter quartile ranges and 95% confidence intervals. The Hb concentration was used as a dependent variable in simple and multiple linear regression analyses to determine the association with the relevant explanatory variables. The statistical analyses were undertaken using Stata, version 8 (STATA Corp, Houston, TX, USA) and the standard errors were adjusted for the design effect of the study design using standard STATA commands for analysis of survey data, such as svymean and svyreg (Etlinge and Sribney, 1996) . The graphs describing the relationship between Hb level with P-TfR and iron intake were constructed using generalized additive models (GAM) in the statistical software R version 1.9.0 (Wood, 2000) . Because adolescents are growing their iron requirements differ from adults. We therefore present the values for nutrient intake, indicators of iron status and the association between iron intake and Hb concentration separately for women p18 years and 418 years of age.
Results
Subject characteristics
The mean age of the 500 women was 23 years and 27% were p18 years old (n ¼ 136). Fifty-two percent of the women lived in joint families with a mean family size of 6.5 (Table 2) . Two hundred and ninety-six (59%) women were married, and among these, 209 (71%) used contraceptives, of these 140 (47% of the married women) used Depo-Provera (depotmedroxyprogesterone acetate) injections. One of the spouse in 38 (13%) of the married couples was sterilized. The mean age of menarche was 14.5 years. Forty-six percent of the women were nullipara, 13% were para 1, 24% para 2 and 17% were para X3. Three hundred and thirty-four (67%) women said that they could read and write, whereas among the married women, 258 (87%) reported that their husbands could do so.
Nutrient intake
Seventy-six percent of the women had energy intakes less than the recommended dietary allowances of 2200 Kcal. The mean intake and the corresponding 95% confidence intervals of iron, heme iron and vitamin C intakes are presented in Table 3 . The interquartile range for iron intake was 6.0-10.3 mg and 54% of the women consumed inadequate amounts of iron. One-third of the total dietary recalls did not include any animal products. The main foods providing iron and their frequency of intake are shown in Table 4 .
Normal iron status and prevalence of ID The mean (s.d.) Hb, P-Ferritin and P-TfR were 13.2 g/dl (1.3), 35.2 mg/l (30.3) and 1.6 mg/l (0.86), respectively (Table 5) . Among the total 499 blood samples, which were adequate for the analysis of iron parameters, 53% (n ¼ 264) were from women with normal iron status. The 2.5th-97.5th percentile ranges among these women for Hb, P-Ferritin and P-TfR was 12.2-15.2 g/dl, 16.6-93.5 mg/l and 0.89-1.5 mg/l, respectively. Depleted iron stores were found in 20%, whereas IDE was found in 7%.
The prevalence of anemia was 12%, whereas the combination of anemia and depleted iron stores was found in 6% (n ¼ 31). The prevalence of anemia was 16% (n ¼ 79), when we used altitude adjusted cutoff of Hb (o12.3 g/dl). The combination of anemia plus elevated P-TfR concentration was identified in 8% (n ¼ 41). The majority of the women with depleted iron stores (68%) or with elevated P-TfR (78%) were not anemic. Severe anemia (o7 g/dl) was found in only one woman, thus most of the anemia in this population was mild or moderate. Forty-eight percent of anemic women were below 20 years of age. Only five anemic women (1%) had P-Ferritin 450 mg/l but normal P-TfR, indicating anemia of chronic disease. According to our definition, the prevalence of IDA was 6% (n ¼ 30).
The GAM plot depicting the relationship between the P-TfR and Hb concentration is shown in Figure 2 . The graph shows that there is a linear and negative correlation between P-TfR and Hb concentration when the transferrin receptor is more than approximately 1.5 mg/l. The GAM plot of iron intake and Hb concentration is shown in Figure 3 . The Hb concentration was negatively and linearly associated with the iron intake when the iron intake was less than the recommended intake (8.1 mg/day).
Multiple regression analysis
For women 13-18 years of age, working in CF strongly predicted the Hb concentration (Table 6 ). In the analyses that included older women, using Depo-Provera contraceptives was associated with a substantially higher Hb concentration. Women with parity of X2 also had higher mean Hb concentration than the nulliparous women. Also in this age group, women working in CF had a substantially lower mean Hb concentration than the local resident women.
Prevalence of acute inflammation
The prevalence of acute inflammation indicated by elevated CRP concentration (410 mg/l) was 2.2%. Among the 11 women with elevated CRP, eight women also had P-Ferritin levels 415 mg/l. The CRP was positively correlated with P-Ferritin in the Spearman's correlation analysis (r ¼ 0.20, 
Discussion
In this cross-sectional study from randomly selected women, we found that the prevalence of anemia and IDA was lower than the WHO estimates for non-pregnant women in South Asia (WHO, 2000) . The prevalence of anemia among adolescent and non-pregnant women in Nepal has been estimated to be B60% (Tiwari and Seshadri, 2000; Shah and Gupta, 2002) with even higher figures among pregnant women (Bondevik et al., 2000; Dreyfuss et al., 2000) . In contrast to most of the studies mentioned above, the women included in this study were selected randomly from the community. However, our attempts to obtain a representative sample were compromised by frequent migration of the women from CF. As more than half of the screened women from this stratum moved away (n ¼ 129), we had to recruit women of the same age that were not initially part of the survey. Therefore, this stratum may not constitute a perfect random sample of the population from CF. In the other stratum that consisted of 80% of the women, however, the random sampling procedure worked well. Furthermore, the age distribution of non-respondent women was not different from those who responded. The sub-sample of women from whom we obtained dietary information did not differ from the total sample with regard to iron status (data not shown).
The lower prevalence of anemia in our study compared to the national estimate (NFHS, 1996; WHO, 2000) may partly be explained by the fact that we enrolled apparently healthy women living in an urban setting, which is not endemic for malaria, hookworm infestation and hemoglobinopathies. We found less than 3% of the study participants to be vegans, which is less than in the general population of Nepal. The 11% prevalence of chronic energy deficiency (body mass index o18.5 kg/m 2 ) in our study was also lower than that observed in the Nepal Family Health Survey 1996, which revealed a figure of 28.3% (NFHS, 1996) . The prevalence estimates of ID and IDA vary depending upon the cutoff values of the laboratory tests used for diagnosis (Dallman et al., 1981; Gibson, 1990) . As pointed out by Hallberg et al. (1993) the commonly used cutoff value of 12 mg/l for P-Ferritin, was established before an international calibration standard for the ferritin assay was available. In their extensive study on ID in women, using an assay calibrated against an international standard, they found that P-Ferritin o15 mg/l was the best cutoff value with a diagnostic efficiency of 91-95% for correct classification of depleted iron stores, compared to 86%, when 12 mg/l was Figure 2 Graph showing the relation between Hb and P-TfR among 500 women of reproductive age in Bhaktapur, Nepal. Graph has been made using a GAM in R (Wood S, 2000) , The solid line depict the regression line form the GAM analysis, the area between the broken lines represent the 95% confidence interval (CI) of this regression line. The small bars on the x axis show the distribution of individual observations and the vertical lines indicate the 25th, 50th and 75th percentiles of the P-TfR concentration. Figure 3 Graphs showing the relations between Hb and iron intake among women 13-18 and 418 years of age in Bhaktapur, Nepal. The graphs were made from GAM in R (Wood S, 2000) . The solid lines depict the regression lines form the GAM analyses, the area between the broken lines represent the 95% CI of these regression lines. The small bars on the x axis show the distribution of individual observations and the vertical lines indicate the 25th, 50th and 75th percentiles of iron intake.
used as cutoff. Moreover, the cutoff of 15 mg/l for P-Ferritin is also recommended by the Center for Disease Control, USA (CDC/MMWR, 1998).
The smoothed curve depicting Hb versus P-TfR (Figure 2 ) indicates that at the population level the cutoff value for P-TfR determined from our Norwegian female reference population, was appropriate.
ID is usually defined by a multiple criteria model, in which the presence of X2 iron status markers beyond the cutoff values is considered to be indicative of ID and IDA is simply when anemia occurs concurrently (Cook et al., 1976) . ID is often described as a clinical stage, which includes the two stages of depleted iron stores and IDE. However, according to a strict pathophysiological definition, ID should be restricted to the stage of IDE, which is followed by IDA. If IDA were defined as anemia with low P-Ferritin, the prevalence would have been identical with our findings, where we also included P-TfR level in the definition. This suggests that inclusion of Hb and P-Ferritin might be sufficient to define IDA.
Our results indicate that the prevalence of elevated P-TfR concentration was higher than that of depleted iron stores, which is in accordance with a study from the Ivory Coast (Asobayire et al., 2001) . This apparent inconsistency may be explained by the fact that IDE appears before the iron stores are completely emptied, at P-Ferritin levels of 30-40 mg/l, as shown by Hallberg et al. (Hallberg et al., 1993) . The P-TfR concentration is usually increased owing to ID, leading to insufficient supplies of iron to the bone marrow. Alternatively, it may be due to a hyperproliferative production of red blood cells caused by various other reasons (Punnonen et al., 1997) . IDE, as judged from high P-TfR and low P-Ferritin levels, can be regarded as a temporary, intermediate step in the pathophysiological process leading to IDA. In this case, the iron stores are depleted which causes inadequate iron supply to the erythropoetic cells of the bone marrow. Then, the existing population of normal erythrocytes in the circulation will slowly be replaced by microcytic and hypochromic erythrocytes and anemia will gradually appear.
The prevalence of anemia and IDA were 12 and 6% respectively, indicating that only about half of the anemia was owing to ID. The high prevalence of anemia among women without depleted iron stores (47%) suggests that other anemia-causing nutritional deficiencies may be prevalent in this population. This is supported by the high prevalence of elevated P-TfR concentration (37%), which could be explained by hyperproliferative production of red blood cells owing to deficiencies of micronutrients like folate, vitamin A and vitamin B12 (Suharno et al., 1992; Bondevik et al., 2000) . Our results also showed that the use of Hb measurement as a proxy for ID and IDA clearly underestimates other causes of anemia.
The use of hormonal contraception has also previously been found to be associated with iron status in women of the reproductive age (UNDP, 1998) . In the present study, we found that women who used Depo-Provera injections had substantially higher concentrations of Hb, which is in accordance with another study (Milman et al., 1992) . Although menstrual disturbance (irregular bleeding, spotting and amenorrhea) after Depo-Provera is a well-known side effect (Belsey, 1991) , published data on its effect on Hb concentration and anemia is limited. The high (47%) proportion of women using Depo-Provera in the present study corresponds to the national figure for Nepal (HMG, 2001) . Three fourths of all Depo-Provera users in our study were X2 para and we have information indicating that a substantial proportion of women in this setting take iron and folic acid supplements during pregnancy and lactation, which is in accordance with the recommendations by the national health authorities (District Public Health Office, Bhaktapur, Personal communication). The positive correlation between age and Hb (r ¼ 0.19, Pp0.0005) and the high coverage of iron supplementation during pregnancy and lactation may explain our findings of a positive relation between parity and Hb concentration.
In conclusion, the prevalence of anemia and IDA in our study population was lower than the Nepali national figures. The use of Depo-Provera, working in CF and parity were the major predictors of Hb concentration. IDA accounted only about half of the total anemia; therefore, other causes are likely to be important in the development of anemia in this population.
